ABSTRACT
INTRODUCTION

D
espite the growing demand for improving smile esthetics and occlusal functionality, a significant percentage of patients still refuse or discontinue orthodontic treatment because of pain and discomfort related to this therapy. 1 To obtain pain relief, nonsteroidal anti-inflammatory drugs and topical anesthetic formulations have been generally used. 2 However, several alternatives have been suggested, such as vibratory stimulation, 3 transcutaneous electrical nerve stimulation, 4 and, more recently, low-level laser therapy (LLLT). 5 LLLT is a side effect-free therapy with several applications in medicine and modern dentistry. 6 It uses low-powered laser light within the red to near-infrared range (wavelengths from 632 to 1064 nm) to induce biological reactions. 6 In the orthodontic field, it was found to accelerate dental movement by increasing vascular activity and cellular metabolism. 7, 8 Also, LLLT seems to reduce orthodontic pain on two levels: (1) by inhibiting the release of arachidonic acid which reduces the levels of prostaglandin E2 9,10 and (2) by provoking the release of beta-endorphin which induces an effective analgesic reaction. 11 However, the quality of evidence supporting the use of LLLT to alleviate orthodontic acute pain is actually low, and high-quality randomized clinical trials are needed for this purpose. 12 Patients often report pain after the engagement of the alignment archwire, and few studies 2, 13 have suggested that LLLT could reduce pain experience in such circumstances. However, in one study, 2 the authors used a 0.014-inch stainless steel archwire that was bent according to dental crowding, which was made inactive, and this condition is not representative of a true clinical scenario; the other study 13 included subjects who could take drugs to alleviate pain, thus altering the true estimation of the effect of LLLT on pain relief.
It has been hypothesized that the severity of dental crowding may influence the pain experienced after the insertion of the alignment archwire because the reduction of the interbracket span increases the stiffness of the wire and, as a consequence, the forces expressed to the teeth. 1, 14 Also, no studies in literature have evaluated whether LLLT may have a different effect on pain alleviation according to the severity of dental crowding.
In this respect, the aim of the present clinical trial was to assess the effect of LLLT on the pain experienced after the placement of orthodontic alignment archwire and to verify if there could be a specific indication for the usage of LLLT according to the amount of dental crowding.
MATERIALS AND METHOD
The present randomized, with parallel groups (1:1:1), singleoperator, clinical trial was approved by the ethics committee of the Faculty of Medicine at the Milano-Bicocca University and was conducted in observance of the Declaration of Helsinki. Subjects were selected and treated between January 2014 and February 2018, and all patients signed an appropriate informed consent.
Human Subjects
Ninety patients were selected from a larger pool of subjects (388) seeking orthodontic treatment at the Department of Surgery and Translational Medicine, Section of Orthodontics, Milano-Bicocca University. A minimum sample size of 60 participants (20 for each group) was considered to obtain 80% power at a 95% confidence interval to demonstrate a difference of 2 points in the pain experienced 24 hours after the engagement of the orthodontic wire between LLLT group and control group, as previously reported. 15 However, to compensate for the potential incompleteness of data, we decided to include 30 subjects in each group (tested, control, and placebo).
Patients were enrolled based on the following criteria: (1) age between 13 and 30 years, (2) completely erupted mandibular teeth, and (3) lower crowding of $3 mm measured on dental cast. The following criteria were used for exclusion: (1) spaces or diastema in the lower arch, (2) ectopic teeth, (3) treatment plan including extractions or the use of auxiliary devices, and (4) previous orthodontic treatment. Preliminary evaluation of the amount of lower crowding was conducted by using the Little's Irregularity Index 16 and measurements carried out by a single operator (A.L.G.) using a digital caliper (Absolute Digimatic IP67; Mitutoyo Europe GMBH) on initial dental casts. Based on this preliminary evaluation, 90 subjects were distributed into three subsets according to the severity of lower crowding, that is, mild (.3 mm , 5 mm, 30 subjects), moderate (.5 mm , 7 mm, 30 subjects), and severe (.7 mm, 30 subjects). Subjects were included and assigned a study number that was concealed until the date of bonding the fixed appliance.
A randomized balanced block protocol using sex and the amount of crowding as stratification factors was performed to randomly allocate subjects to receive orthodontic treatment with fixed appliance plus administration of LLLT (tested group, 30 subjects), with fixed appliance and simulated administration of LLLT (placebo group, 30 subjects), and with fixed appliance only (control group, 30 subjects). For randomization purposes, the SPSS Statistics software (IBM Corporation, Armonk, NY) was used to generate an allocation sequence.
Intervention
The Empower self-ligating appliance (American Orthodontics, Sheboygan, WI) with MBT (McLaughlin, Bennett, Trevisi) prescription and a 0.022-inch slot was bonded on each participant, followed by the engagement of a 0.014-inch thermal NiTi archwire (Thermal-Ti Lite, Form I; American Orthodontics, Sheboygan, WI).
On the same day of bonding of the orthodontic appliance, LLLT was administered to the tested group using a diode laser emitting infrared radiation at 980 nm (Wiser; Doctor Smile-Lambda Spa, Brendola, Vicenza, Italy), according to a previously published protocol. 7 The plane wave optical fiber (AB 2799; Doctor Smile-Lambda Spa) distributed a beam spot size of 1 cm 2 , and LLLT administration irradiation was performed by positioning the optical fiber tip along the mandibular dental arch (1.5 cm as minimum on defocalization, as prescribed by the producer). 7 In particular, four dental segments (right first premolar-canine, right lateral central incisors, left central-lateral incisors, and left caninefirst premolar) were irradiated for 8 s and two dental segments (right first molar-second premolar and left second premolar-first molar) for 9 s, for a total of 50 s ( Figure 1 ).
The procedure was repeated 3 times at intervals of 2 min. All irradiations were performed with an output power of 1W at a continuous wave. The mandibular dental arch received a total energy density of 150 J/cm 2 corresponding to an exposure time of 150 s, counting 27 J/cm 2 for each of the two first molar-second premolar segments and 24 J/cm 2 for each of the other four dental segments. LLLT administration was simulated in the placebo group where subjects could hear a sound every 15 seconds. In this respect, the present study has been set as a single-blind trial to exclude the presence of a placebo effect. All patients signed the informed consensus form to receive LLLT. Bonding of brackets and LLLT administration were performed by the same expert operator (G.C.).
Assessment of Orthodontic Dental Pain
All patients were instructed to report the pain experienced by using a numeric rating scale (NRS), ranging from 0 to 10, at specific time intervals, that is, 2 hours, 6 hours, 24 hours, and from day 2 to 7. Patients were forewarned at each time interval by phone call to fill in the recording sheet according to the time schedule and to send it as an attached file by email or mobile message. Subjects were recommended to avoid analgesics; however, they were asked to report any consumption of drugs in case. The procedure of data collection was entrusted to another operator (R.N.)
Statistical Analysis
Normal distribution of the data was preliminarily checked using the Shapiro-Wilk test. As data were not normally distributed, inferential statistics was performed using nonparametric tests. Kruskal-Wallis H Test was used to assess if there were differences in the maximum pain and pain experienced at each time interval among tested, control, and placebo groups and in the maximum pain experienced by subjects with different degrees of crowding within each of the three groups. Moreover, we used the linear regression model to evaluate the treatment effect on pain experienced over the entire time period. Significance was set as P # .05.
RESULTS
Six participants were excluded from the final study sample: five subjects did not fill and/or send the file with the NRS Figure 2 . CONSORT flowchart. according to the time schedule, and one subject reported consumption of anti-inflammatory drugs. In total, the sample consisted of 84 patients, 41 male and 43 female patients, with a mean age of 16.5 6 2.8 years. The baseline demographic and clinical characteristics of the study sample are shown in Table 1 ; also, the CONSORT flowchart is reported in Figure 2 .
In the tested group, pain perceived was maximum at 6 hours after the placement of the archwire, with a median score of 4, and then it gradually decreased to a median pain score of 3 at 24 hours, 2 on day 2, 1 on day 3, and 0 from day 4 to 7 (Table 2; Figure 3 ).
In the control group, pain perceived was maximum at 24 hours and on day 2 after the placement of the archwire with a median score of 7, and then it rapidly decreased to a median pain score of 4 on day 3, 3 on day 4, 1 on day 5, and 0 from day 6 to 7 (Table 2; Figure 3 ).
Similarly, in the placebo group, pain perceived was maximum on day 2 after the placement of the archwire, with a median score of 7, and then it rapidly decreased to a median pain score of 4 on day 3, 2 on day 4, 1 on day 5, and 0 from day 6 to 7 (Table 2; Figure 3 ).
The Kruskal-Wallis H test showed that the pain experienced by patients at each time interval and the maximum pain score significantly differed among the three groups ( Table 2) . In this respect, these values were significantly lower in the tested group, whereas no differences were found between the control and placebo groups, according to the Dunn's (Table 2) . Moreover, no differences were found in the level of pain experienced by each patient of the three groups according to the severity of crowding, as assessed by Kruskal-Wallis H test ( Table 3) . Table 4) .
DISCUSSION
The aim of the present randomized clinical trial was to investigate the effect of LLLT on the pain experienced after the placement of orthodontic alignment archwire. Previous studies showed that the general time course of pain intensity is characterized by a peak within the first 2 days after archwire insertion, followed by a gradual reduction up to near-baseline levels 7 days after the bonding of the appliance. [17] [18] [19] Such time course is related to the underlying biologic response to orthodontic forces. In this respect, interleukin-1b (inflammatory mediator that induces the secretion of pain-producing substances) was found to increase in human gingival crevicular fluid 1 hour after the application of force, reaching its peak level after 24 hours and subsequently declining to the normal level in 1 week to 1 month. 20 Our findings would confirm the same time-course pattern for both control and placebo groups where the pain score peaked around day 2 and ran out almost completely on day 6-7. Instead, subjects who underwent LLLT (tested group) reported a shortened duration of pain that peaked at 6 hours and reached baseline levels since day 4. However, we found a similar strong negative correlation between pain and time course in each group investigated, which confirms the influence of the intrinsic biological mechanisms on pain modulation over time. [17] [18] [19] [20] Our results are in agreement with a previous study in which maximum pain experienced by LLLT group was reported within 24 hours after bonding of the orthodontic appliance.
15 Table 3 . Maximum pain score, assessed via the Numeric Rating Scale, according to the amount of lower anterior crowding in each group investigated. Based on our data, the pain experienced by patients who underwent LLLT was significantly lower than that perceived in placebo and control groups at each time interval (Table 2) . Similarly, the maximum pain score, which is the function of the pain peak experienced by patients, was significantly lower in the tested group than that in both placebo and control groups.
According to the study of Farrar et al., 21 a reduction of approximately two points in the pain intensity scale represents the benchmark of a clinically significant change. In this respect, differences in maximum pain score and in the pain recorded at some time points (24 hours and day 2, 3, and 4) between the tested and control groups were equal or higher than two points on the NRS scale ( Table 2) , confirming the clinical significance of our findings.
Based on these findings, LLLT is effective in reducing both the intensity and duration of orthodontic pain, corroborating previous research on the efficacy of LLLT in controlling pain during orthodontic treatment. 13, [22] [23] [24] Moreover, the comparison of the experimental and placebo groups showed no psychological effects after LLLT, as previously demonstrated. 12, 25 In this study, we used a diode laser with a wavelength of 980 nm, which is within the infrared spectrum radiation, because this spectrum of light can provide deeper penetration of tissues. 7 We also performed a single intraoral administration of laser therapy producing a total energy density of 150 J/cm 2 for the entire mandibular arch; in this respect, low-dose energy density was found to determine significant biostimulatory effects during orthodontic treatment. 26 Although it has been postulated that the nature of the laser beam may influence the analgesic effect of LLLT, mechanisms on how LLLT can alter and attenuate nociception are not fully understood. 13, 27, 28 However, the present study would confirm the analgesic effect of LLLT, corroborating previous findings reporting that LLLT can alleviate orthodontic pain by moderating the levels of prostaglandin E2 and by stimulating the production of beta-endorphin. 9, 10 It has been postulated that the severity of dental crowding may affect pain response during the alignment process because the reduction of the interbracket span increases the stiffness of the archwire and, as a consequence, the forces expressed to the teeth. In this regard, we wanted to verify if there could be a specific indication for the usage of LLLT according to the amount of crowding. We found no differences in the pain perceived among subjects with mild, moderate, and severe mandibular anterior crowding in all groups (Table 3) . However, only the maximum pain score was statistically analyzed to simplify comparison among the subgroups. This finding would suggest that the severity of dental crowding does not influence the pain perceived by orthodontic patients 1, 29 and, as consequence, does not provide a specific indication for the usage of LLLT or any analgesic drugs.
One of the main characteristics of modern orthodontic NiTi thermal archwire is the ability to keep part of their martensitic structure at the oral temperature, which contributes to reduce the stiffness of the wire and the intensity of the force released during the shape-recovery process of the archwire. [30] [31] [32] Thus, it is possible that in all subgroups of crowding, the range of forces released by the archwire was low enough to justify the absence of differences in the pain experienced.
Based on our findings, we would recommend the usage of LLLT for the control of orthodontic pain for the following reasons: (1) the reported analgesic effect with no known adverse tissue reactions, 6 (2) the side effects documented with the use of analgesic drugs, 22 and (3) inhibition of orthodontic root movement induced by nonsteroidal antiinflammatory drugs.
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CONCLUSION
LLLT alleviates the intensity and duration of pain experienced by patients after the placement of orthodontic alignment archwire. However, there is no specific indication for the usage of LLLT according to the amount of crowding.
